The present study describes the plant regeneration via somatic embryogenesis in suspension culture derived from the leaf and stem explants of Phyla nodiflora. 
INTRODUCTION
Phyla nodiflora L. Greene (= Lippia nodiflora (L.) Mihex) belongs to Verbenaceae family, distributed in India, Ceylon, Baluchistan, South Africa and Central America (Terblanche and Kornelin, 1996) . It leaves are eaten in Ceylon and taken as tea in the Philippines. It is aromatic, runner plant with scanty roots and cure adenopathy, chronic indolent ulcers, diuretic and aphrodisiac and is also used for the treatment of heart diseases, ulcers, bronchitis, fevers, and colds (Kirtikar and Basu, 1975) . The plant is also used for the boils, indigestion in children, and by the women after the delivery (Nadkarni, 1954; Chopra et al., 1956) . Ravikanth et al., (2000) reported that the anticancer compounds (halleridone and hallerone) from P. nodiflora. It also has the alkaloids and shows the significant analgesic, anti-inflammatory and anti-pyretic activities (Costa et al., 1989 , Forestieri et al., 1996 , anti-cancer, anti-tumor, anti-malarial, antifungal, cytotoxic activity (Nishino et al., 1988) , antioxidant and free radical scavenging effect (Ashokkumar et al., 2008) , antioxidant activities (Shukla et al. 2009 ) and cure multiple skin disease (Abbasi et al., 2010) . The commercial exploitation of the medicinal plants for the production and conventional propagation is hampered due to their poor seed viability, low rate of germination and poor rooting ability of the vegetative cuttings. The alternative propagation methods could be beneficial for accelerating the large scale multiplication and the conservation of the medicinal plant. Since, less in vitro studies have been done in this genus, latest studies on the propagation of Lippia junelliana (Juliani et al., 1999) and Lippia alba (Gupta et al., 2001 ). Direct shoot propagation using different explants has been implemented (Bhatt et al., 2002; Ahmed et al., 2005) . Somatic embryogenesis is an alternative method for the large-scale propagation method. However, for this, there is lack of information for the embryo induction process (Dodeman et al., 1997) . The aim of this work was to study the germination capability and development of somatic embryos (SEs) from Phyla nodiflora.
MATERIAL AND METHODS

Plant material and inoculation
Phyla nodiflora young plants were collected and maintained in Department of plant science garden, Bharathidasan University, Tiruchirappalli, Tamil Nadu, India. Two years old young leaf and stem explants were washed in running tap water, surface disinfected in a solution of HgCl 2 (0.1 %, w/v) containing distilled water for 2 min and finally rinsed with sterile distilled water for several times. The explants were inoculated into the MS (Murashige and Skoog, 1962) ; SH (Schenk and Hildebrandt, 1972) , WPM (Lloyd and McCown, 1980) and B5 (Gamborg et al., 1968) medium.
Embryogenic callus induction and maturation
The leaf and stem explants were inoculated into the medium with plant growth regulators and antioxidant. Both the explants were cultured on different media for embryogenic callus induction: namely MS, SH, B5 and WPM supplemented with sucrose (3 %, w/v), combination with 2,4-D: 0.2 -1.4 mg/L, NAA: 0.2 -1.4 mg/L with ascorbic acid (10 mg/L) respectively. For SEs maturation, auxins with picloram (0.01 -0.2 mg/L), cytokinins (BA: 0.1 -2.0 mg/L), (KN: 0.1 -2.0 mg/L), coconut milk (10 ml/L) and citric acid (50 -150 mg/L) were tested in the suspension culture. The media pH was adjusted to 5.8 (1N NaOH / HCl) and after adding the agar (0.8 %, w/v) autoclaved at 121 °C for 15 min. The callus tissue was weighed and placed into 125 ml Erlenmeyer flask containing 60 ml basal medium without agar. Matured cotyledonary embryos were used for plantlets formation in free MS solid medium. All SEs cultures were maintained at 25±2 ºC under a photoperiod (16 h/8 h) with light intensity 35 µ ∑m -2 s -1 and 55-60 % relative humidity. The germinated plantlets were transplanted to plastic pots containing vermiculite supplemented with the nutrient solution (NPK 17:17:17) at weekly intervals.
Statistical analysis
Only data which showed advantageous effect were included in the tables and presented in mean of explants per treatment and repeated three times. Thirty replicates were used and repeated thrice. Experimental design was completely random and factorial with callus initiation, globular, heart, torpedo and cotyledonary stages of the callus. The data were subjected to analysis of variance and mean seperation was carried out using Duncan's Multiple Range Test (DMRT) at 5% level significance (Gomez and Gomez, 1976) .
RESULTS AND DISCUSSION
Callus initiation
In all media, the callus initiation didn't occur without the growth regulators (control) in leaf and stem explants (data not shown). The suitable embryogenic callus induction was observed in 2,4-D and NAA with ascorbic acid in MS, SH, B5 and WPM (Table 1) . However in B5, SH and WPM media, the embryogenic potential significantly decreased (data not shown). Callus initiation and proliferation was better in 2,4-D and NAA than IAA, IBA in all media (data not shown). Between the two auxins, 2,4-D (0.6 mg/L) with ascorbic acid (10 mg/L) induced higher embyogenic callus in leaf explants (94.5 %; Fig.  1A ) than stem explants (76.8 %, Fig. 1 B) after 25 days (Table 1) . 
Somatic embryos maturation in suspension culture
Embryogenic tissue was maintained and bulked up through secondary somatic embryogenesis. In order to stimulate SE maturation, the pieces of embryogenic tissue (15 to 20 mg), which considered of immature embryos, were transferred into each conical flask containing suspension maturation medium supplemented with picloram and additives. The suspension culture was superior in embryogenic callus maturation than semisolid culture of leaf explants. In order to determine the effect of PGRs on somatic embryogenesis in P. nodiflora, the highest frequency embryos at the globular stage (89.8 %), heart stage (74.9 %) were observed onto media suplemented with 2,4-D (0.6 mg/L) + BA (1.0 mg/L) + picloram (0.1 mg/L) + coconut milk (10 ml/L) with citric acid (100 mg/L) in 40 and 60 days. During the embryos maturation, the suspension culture was continuously subculture every week to prevent the re-callus and phenolic excretion in the medium.
Torpedo and cotyledonary stages in suspension culture
The advantage of suspension culture was that the large number of free single cells were aggregated and it could be easily identified from the undifferentiated and differentiated cells (developmental stages) of SEs (Fig. 1C-I) . However, the abnormal embryos were trumpetshaped and didn't show any further development. Torpedo and cotyledonary stages embryos development were observed in MS medium with 2,4-D (0.6 mg/L) + BA (1.0 mg/L) + picloram (0.1 mg/L) + coconut milk (10 ml/L), citric acid (100 mg/L) to form torpedo (62.6 %) and cotyledonary stage embryos (55.2 %) in suspension culture (Table 2) .
Germination and field survival
The mature cotyledonary embryos were transferred to half-strength MS medium without growth regulators which showed the increase frequency of plantlets than full strength medium (Fig. 2) . In germination experiment, a total of 100 mature embryos (20 mg) were selected on placed on the germination media. These embryos were responded differently on half-strength and full strength germination media. 52 % of these embryos were showed root emergence in half strength MS medium, which included root and shoot in 140 days. While 26 % (100 days) and 40 % (120 days) of them demonstrated the shoot and root initiation. About 160 days (44 %) of all developed embryos were significantly reduced the germination nature without hardened. Significantly reduced abnormal embryos were observed in fullstrength MS medium (data not shown). The SEs germination in the present study could be due to the persistence of auxins, which might also be the cause of dedifferentiation of embryos. However, in half-strength medium the plantlets were recovered (45 plantlets / 20 mg cotyledonary embryo callus) in 120 days. The germinated plantlets were individually transferred to the pots containing soil, sand and farmyard manure (1:1:1) and were reared in the green house (Fig. 1K) . 
DISCUSSION
Influence of medium and plant growth regulators When the leaf and stem explants were immersed into B5, SH, WPM media with plant growth regulators and ascorbic acid, the somatic embryos callus initiation was significantly reduced, even if they were maintained for longer period in the culture. Zimmerman, (1993) reported that the proembryogenic callus were containing auxins to synthesize all the necessary genes to complete the globular stage. However, the auxins were removed from the culture to make inactive genes or synthesize new gene products for the completion of embryo development. Kawahara and Komamine (1995) reported that the exogenous auxins were involved in gene expression of early stages of somatic embryogenesis. However, Wang et al. (2006) reported that the NAA (0.2 mg/L) and 2,4-D (0.2 mg/L) induced the embryogenic callus in Chorispora bungeana; similar results were observed in Phoenix dactylifera (Fki et al., 2003 , Lin et al., 2004 . In other plant species, the 2,4-D influenced the embryo induction and participation at initial stages of development (Gray et al., 1993; Mujib and Samaj, 2006; Junaid et al., 2007; Sharma et al., 2007) . In the present study work in P. nodiflora NAA was less effective compared to 2,4-D.
Influence of additives and coconut milk in somatic embryos maturation Successful somatic embryogenesis was after obtained in the optimum concentration of auxins combined with cytokinins, picloram, additives (citric acid) and coconut milk. The activated charcoal, polyvinylpyrrolidone and malt extracts, however significantly reduced the somatic embryos quality (data not shown). Guo and Zhang (2005) reported more frequency of SEs maturation in MS medium supplemented with 2,4-D (0.2 mg/L) + BA (5.0 mg/L) in Zingiber officinale. Hence, tests were conducted without picloram and additives in addition to plant growth regulators, which showed that the SEs maturation was significantly reduced (data not shown). Firoozabady and Moy (2004) reported picloram as one of embryogenic potentials agent to increase the growth regulators in Ananas comosus. However, picloram regulated the embryogenic stages and produced maximum frequency of SEs and plant germination (Little et al., 2000; Groll et al., 2001) . Somatic embryos maturation was stimulated by auxins combine with cytokinins in Leptadenia reticulata (Martin, 2004) .
Influence of strength media in plant germination
The suspension culture derived from the cotyledonary embryos were transferred to full and half strength medium with auxins. Somatic embryos were exposed to too much auxin during the development, but failed to accumulate the storage protein and germinate at a lower frequency (Stuart et al., 1984) . The present results showed that somatic embryos germinated without auxins. However, SEs maturation and germination were critical steps for the recovery of healthy plants (Ramanjini and Prakash, 1998) . Hwang (2006) reported that 87 % SEs successfully developed into plantlets on ½ MS medium without growth regulators after six weeks culture in Abelmoschus manihot.
In conclusion, somatic embryos were induced from the immature zygotic embryos by picloram in suspension culture. The best embryo callus induction in MS medium with 0.1 mg/L picloram in the leaf explants were optimum for torpedo and cotyledonary stage embryos. The somatic embryo development total process was completed in 160 days. This efficient somatic embryos protocol could be useful for conservation and agronomy and in the improvement of P. nodiflora using gene transfer biotechnologies.
